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ANALYSIS  OF  GRHIilD  PRESSURE  T,T GTRIPATTION  BENEATH  TRACKED 
'.’OREL  71  TH  RESPECT  TO  ETHEREAL  LOADING 

larek  k.  poncyliusz 

I.U.R.C.,  TECHNICAL  UNIVERSITY,  '.VAR SAN,  POLAND 

INTRODUCTION 


This  paper  in  a continuation  of  the  investigation, results 
of  wliich  were  presented  at  the  Inst  Conference  ISTVS  in 
Cnlgnry  in  19B1  /Traction  Investigation  of  a Tracked 
Vehicle  Model/. 

The  results  obtained  then  permitted  to  draw  certain 
conclusions,  however  the  necessity  of  rearrangement 
concerned  with  the  test  model  and  the  frame  of  conducted 
investigation  appeared  simultaneously. 

New  research  aimed  at  settling  the  effect  of  changes  of  the 
centre  of  gravity  /C.G./  on  tractive  efforts  and  on 
distribution  of  ground  pressure  beneath  the  track  /i.e, 

I.E.'P,  NGP/.  The  location  of  C.G.  varied  according  to  the 
changes  of  external  loadings. 

The  measurement  of  the  drawbar  pull  and  the  distribution 
cf  pressure  between  track  and  soil  layer  were  carried  out 
in  the  model  scale. 


THE  TEST»STAND 


The  model  of  the  tracked  self-propelled  vehicle  running  in 
the  mobil  soil  bin  wr.s  the  mechanical  part  of  the  test 
a paratus.  The  model  and  the  soil  bin  were  being  described 
in  the  paper  which  was  presented  at  tse  l-:ct  Conference  [l ] . 
The  system  of  registration  of  t..e  drawbar  pull  underwent  n 
ch-mges.  The  vehicle  model  was  connected  with  the  immovable 
socle  through  u.  octagonal  dynr  r.or.etcr  designed  according 
to  [■]•  The  ensuring,  system  of  drawbar  pull  had  better 
or.  sivity  and  1 i ..eari  ty  than  previous  one  /Pi  g.  V 
Tne  rigid  steel  plate  enabling  fro..t  Lr  .ling  of  the  r:odel 
/wi  th  the  aid  of  bob/  was  mounter,  r i :ht  over  t !.«>  front  .vhorl 
/Fir.  ?/. 
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PREPARATION  OF  THE  30IL 

The  noil  prepared  for  measurements  had  specified  nechanicul 
constitution  due  to  uniform  nixing  and  hunidification  bo 
that  it  possessed  homogeneous  structure, humidity  and  density 
in  the  whole  bin. 

Humidity  of  the  soil  was  checked  every  day  before  beginning 
and  after  completion  of  the  experiments. 

Reforc  each  test  the  soil  wn3  nixed, levellized  and  compacted 
by  means  of  nechanicul  conpactor. 

All  the  tests  were  carried  out  on  the  clayey  sand. 

The  physical  soil  properties  and  the  grain  size  distribution 
are  shown  in  Table  1 and  Pig.  3 respectively. 


Table  1.  Physical  properties  of  the  soil 


?/et  density  /kTI/rn^/ 

26,1 

average  water  content  /^/ 

9,0 

cohesion  /kPn/ 

10,0 

angle  of  internal  friction 

29,0 

bulk  density  /kN/fnV 

16,0 

Grain  nit*, mm 


Pig.  3-  Crain  size  distribution 

I • i.  _ C l L U .j  w u A.  . 
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TRACTIVE  MEASUREMENTS 


The  disposable  drawbar  pull  and  the  machine  loading  coming 
from  the  soil  /when  the  track  was  rolling/  were  registered 
during  the  tests.  The  tests  were  carried  out  for  the  value 
of  slippage  s»20£  and  *■  100^  /what  means  loosening  the 
machine  adherence  with  soil/. 

In  comparison  with  previous  investigation  there  were 
increase  of  slippage  value  from  a-8,4%  to  a*>20£.  It  was  so, 
because  the  tendency  to  the  lateral  tilt  occured  when  the 
slippage  value  was  s»8,4^.  It  mainly  took  place  after  2,0 
or  2,5  ra  of  riding.  When  slippage  value  was  20%  model  was 
not  disposed  to  tilt  itself. 

The  location  of  C.G.  was  varied  in  each  eerie  of 
measurements. 

The  simulated  external  loading  of  the  model  was  obtained  by 
means  of  additional  masses  fastened  down  to  the  model  at 
different  places. 

The  following  drafts  of  loading  were  separated? 


a/ 

an  additional 

aaaa  228  N /Br8%  mass 

of  the  model/ 

-Pig.  4 

b/ 

ft 

319  N /12,J% 

" / 

-Pig.  5 

c/ 

ft 

547  N /21 ,0% 

" 

-Pig.  6 

d/ 

ft 

696  N /26,8% 

" / 

-Pig.  7 

Loadings, which  simulated  an  action  of  a bulldozer  blade 
were  given  up  in  discussed  investigation  /practically  a 
horizontal  component  of  force/.  It  was  why, because  this 
component  of  loading  was  simulated  by  means  of  a system  of 
two  horizontal  parallel  cords  fastened  to  the  model  on  the 
both  sides  and  there  was  no  possibility  of  determination  of 
cord  tension  with  a sufficient  accuracy.  The  additional  mass 
which  created  the  tension  in  cords  hung  freely  and  was 
exposed  to  the  action  of  uneven  body  forces. 

Before  each  measurement  the  track  was  re-set  in  a determined 
which  occured  every  35  revolutions  of  a track  sprocket. 

The  number  of  revolutions  resulted  from  transmission  ratio 
of  the  chain  drive. 

This  way  a constant  track  tension  /i.e.  horizontal  loading 


3b4 


! . o ••  ;•  ,u:-J  front  wiiool  of  the  mo-! cl/  wao  being 

o!>  t n i nod . A 1 no  each  strain  gauge  was  netting  then  to  zero 
or  to  the  constant  fixed  value  by  means  of  the  digital 
voltmeter.  It  made  sure  about  efficient  accuracy  of 
measurement . 


DATA  ANALYSIS 


The  conducted  tests  made  possible  to  reveal  some  distinct 
regularities  existing  in  correlations  of  the  type  of  the 
used  additional  load  /i.e.  location  of  C.G./  and  values  of 
the  drawbar  pull  as  well  as  ground  pressure  distribution 
beneath  a track  of  the  moael. 

A value  of  the  drawbar  pull  /D.P./  depends  on  a location  of 
the  centre  of  gravity  /C.G./  The  weight  of  the  model  varied, 
so  some  operations  had  to  be  introduced.  When  the  model  was 
loaded  with  an  additional  mass,  the  obtained  values  of  D.P. 
were  equated, so i 


D.P. 


an 


/I/ 


where: 


D.T.  - an  analysed  value  of  D.P. 

DT  - a measured  value  of  D.P. 

m 

- a basic  mass  of  the  model  /?65  kg,/ 

m - a mass  of  the  model  when  the  D.P.  was 
m m 

measured. 

The  loadings  of  the  rollers  were  diminished  too.  An  influor.ee 
of  t.*e  additional  mass  was  eliminated,  so  variable  values  of 
D.P.  could  have  been  compared. 

This  way  a phenomenon  of  a change  of  a C.G.  was  obtained 
without  changing  of  n total  mass  of  the  model  /in  theory  of 
- ourse/ . 

The  displacement  of  C.G.  influences  on  a point sS  location 
/centre  of  the  bearing  reactions  of  the  ground/. 

The  point's  3 location  /x,./  was  competed  by  /?/  /fig.H/ 


/pK 


V 0 , P5  L + /Fpc  - 

pap  f pc  + p;j  + fe  + 


PAR/  otb  l. 

I,' 

1 Ffl 


X 


/■'/ 
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where : 


Tim 
of  a 
3u  <'h 
One, 


F. ... . . . K.,~  - miciiona  ns  shown  in  fir.  i 

AM  " U 

l,  - t rack  ground  cnntfict  1 anyth 
I’q'mt  ion  /?■/  resulted  from  t,h<  o<;u  i li  hr  i nr:  of 
bo.nrin/t  react i unu  ¥ in  relation  to  tie*  point 
a way  of  computing  of  x„  ini  a been  admitted  an 

» J 

because  of  intentionally  hiyh  value  of  a ratio 


T 

T 


2. 

Tl 


= 4,?5 


more, : 1 

r « 

4a  cor  roc 
"T 


t 


whore : 

h,.,  - track  link  pitch 

7<P  - pitch,  of  supporting  rollera. 

It  caused  tine  decay  of  vertical  load  i n/'  of  a track  bo  two.  n 
two  roll era  [ 4 J . Tt  seemed  that  in  thin  cane  the  vertical 
lea-.:  inyn  were  concentrated  around  the  rollers  an  i equation 
wan  not  saddled  with  a nip;ni  fi  cant  error. 


A do:  er.drnco  . etweon  location  of  C.G.  an.  x„  -.van  shown  in 

.J 

f if.  9 /point  I)  mi  idle  of  the  rau.tne  t nr- a of  a track/. 
During  ti.e  investigations  C.G.  wan  shifted  oi.  a limited 
scale  of  0,146  m /34',T.  of  the  track  ground  contact  1 1 1 : I./. 

The  centre  of  rearing  reactions  3 changes  on  •:  scale  of 


0,133  r.  / POTu  L/.  D.  1".  value  depends  on  t!  e loc-  tior.  of  C.G, 
as  well  as  xr,  - value. 

» / 1 1 

All  depen  ienc ieo  are  non-linear;  in  accordance  wit-,  the 
repression  analysis  /by  means  of  1d:o  microcomputer  with  tin- 
plotter/  both  are  sreond-deproo  polynomial. 

Figure  10  shows  depen  iw.cc  I)i  f/  T vvher«  x^„  i s a 

: ; spl  neer.ent  of  C.G.  measured  from  *.:<■  loctior.  of  C.G.  for 
the  r.c.  :ol  v,-i  ♦ hout  a hi  i t i onnl  mass. 


In  fi/'.  11  ti.e  course  of  function  hi  - f /- -*~f  c 

t . * d ! s;* lace:  < at  of  ; f.int  3 towards  t..o  f r>»..t 


ca-is-  s a.,  i ncr  fine  of  J).  3.  to  a c aria  in  re*-; 
: i spl  ace  on  t t av.-.rds  the  centre  of  s.y  e-try  of 
/joint  3/  dees.,  t.  vie':  d .cun-fits,  value 


1 early  shown 

of  t • . ' r.pi  i t • 1 

fart  1 - r 


l'.an:  .-  e; 

u-^// 


Mito**; 


4km  * mi— — ■ 11 
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Xp  p “ x,-* 

occurs  for  — pr — — - = 0,055  practically  when  both  points  are 
in  line.  The  larger  distance  between  points,  the  higher 
value  of  D.T. 

CLOSING  REMARKS 

1.  The  results  of  investigations  confirm  an  assumption  that 
D.F.  depends  on  the  location  of  C.G.  of  the  model.  The  D.P.- 
vnlue  varies  between  720  N and  1300  N,  i.e.  almost  100  per 
cent  more. 

Go  great  difference  causes  a necessity  of  the  investigation 
of  C.G.  location's  effect  on  the  drawbar  pull. 

2.  All  t.e  obtained  dependencies  like  D.T.  versus  factors  of 

I tiie  model 's  state  of  loading  are  non-linear. 

3.  The  gauges  fixed  in  the  model  permitted  to  the  continuous 
recording  of  ground  reactions  loaded  the  model  'a  frame. 

, Computed  centre  of  reactions  depends  on  the  location  of  C.G. 

of  a tracked  vehicle. 

4.  The  ground  pressure  distributions  obtained  during 
investigations  permit  to  establish  a loading  spectrum  of 
models  frame  and  to  carry  out  its  fatigue  limit  analysis. 

5.  The  curried  out  analysis  allows  to  make  moot  favourable 
distribution  mass  of  the  model  /for  the  used  soil/. 

6.  The  vertical  loading  of  the  frame  is  not  uniform  as  well 
as  the  triangular. 

Further  research  on  propagation  of  stresses  in  ground  beneath  * 

the  track  /related  to  the  concentrated  force  F loading  a 
roller/  in  going  on. 
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